Oxidative Stress (OS) is considered an underlying mechanism by which dysfunctional metabolism occurs in obese subjects but there are still very few studies in canine species. The purpose of this study was to evaluate simultaneously the effects of diet on body weight, oxidative and inflammatory status in a group of 12 adult dogs. The dogs were fed a maintenance diet, integrated with natural antioxidants, for a period of 6 months. At the beginning and the end of the trial, Body Condition Score (BCS) was evaluated and haematological (CBCs, Complete Blood Counts), oxidative parameters (d-ROMs, derivatives of Reactive Oxygen Metabolites; BAP, Biological Antioxidant Potential; Retinol; -tocopherol) and inflammatory parameters (Fibrinogen; CRP, C Reactive Protein) were performed. Significant differences (p < 0.05) emerged about BCS, hematocrit (HCT), number of platelets (PLT), d-ROMs, BAP and retinol while no differences were for -tocopherol, fibrinogen and CRP between the two periods of different diet. In this study, dogs showed an oxidative imbalance documented by the increase in d-ROMs and the reduction of BAP and retinol. Inflammatory parameters don't change in relation to body weight like an alteration of the oxidative status could precede the onset of inflammation. The role of oxidative stress and of integration with antioxidants should be taken into special consideration in the dietary treatment in overweight dogs.
Introduction
In recent years, Oxidative Stress (OS) has been postulated to be an important factor in the pathogenesis and development of lifestyle-related diseases [1] . In aerobic cells, free radicals are constantly produced mostly as Reactive Oxygen Species (ROS). Once produced, free radicals are removed by antioxidant defences including endogenous and exogenous antioxidants. The imbalance between prooxidant and antioxidant defences in favor of prooxidants results in oxidative stress associated with the oxidative modification of biomolecules such as lipids, proteins, and nucleic acids. Alone or in combination with primary etiological factors, free radicals are involved in a pathogenesis of many inflammatory, degenerative and neoplastic diseases [2, 3] . Recently, the prevalence of obesity has been related to a decrease of the plasma antioxidants [4] [5] [6] , the accumulation of fat has been related to the increase of oxidative stress markers [1, 4, 6] , the oxidative stress has been related to high body mass index (BMI) in human [7] and, finally, obesity has been related to chronic inflammatory status [8] . When caloric intake exceeds energy expenditure, the substrate-induced increase in Krebs cycle activity generates an excess of ROS [8] . Energy imbalances lead to the storage of excess energy in adipocytes, resulting in both hypertrophy and hyperplasia. These processes are associated with abnormalities of adipocyte function, particularly mitochondrial stress and disrupted endoplasmic reticulum function [9] . This adipogenesis implies the differentiation of preadipocytes into mature and secreting adipocytes which release a large number of cytokines, termed "adipokines". In addition, the enlargement of adipocytes by fat storage induces adipose tissue hypoxia and the secretion of high levels of inflammatory cytokines [8] . The activation of inflammatory signaling pathways in turn increases mitochondrial ROS generation [9] . Although oxidative stress is considered the underlying mechanism by which dysfunctional metabolism occurs in obese subjects, there are still very few studies both in feline and canine subjects [10] [11] [12] . The purpose of this study was to evaluate simultaneously the effects of diet on body weight and on the oxidative and inflammatory status in a group of adult dogs.
Materials and Methods

Animals and Experimental Design
A group of 12 healthy adult German Shepherd dogs, all living together in the same environment, was fed with a maintenance diet (diet A), integrated with natural antioxidants, for a period of 6 months. The amount of feed administered was calculated according to the body weight, in accordance with what is indicated by the manufacturer (13.5 g/Kg bw/day).
The transition to new diet was gradual and occurred in about a week. At the beginning and the end of the trial, every dog was weighed and its BCS was evaluated. In addition, each dog was subjected to a blood sample for the determination of haematological, oxidative and inflammatory parameters. Previously, the same dogs were fed with a different maintenance diet (diet B) for a period of at least 6 months, at the dose of 15 g/Kg bw/day.
Feed Formulation
The nutritional values, on the label, of the dry food of the trial (diet A) and of the previous one (diet B), are collected in Tables 1 and 2.
Evaluation of Body Condition Score (BCS)
The BCS was assessed by a 5-points scale [13] .
Sampling
Blood was sampled from each dog, fasted for 12 hours, after a clinic examination, at the end of each period of six months of diet. CBCs were assessed on EDTA blood sample within 1 hour from the sampling. Plasma and serum samples were obtained after centrifugation at 2400 rpm for 10 min and were stored at 18˚C until further analysis.
Laboratory Analysis
To evaluate oxidative and inflammatory status some parameters were assessed: CBCs (Complete Blood Counts), d-ROMs (derivatives of Reactive Oxygen Metabolites), BAP (Biological Antioxidant Potential), Retinol, -to-copherol, Fibrinogen and CRP (C Reactive Protein).
CBCs was determined by IDEXX Lasercyte ® hematology analyser (IDEXX Laboratories, Inc., Westbrook, Maine, USA) that provides complete blood counts including a true five-part white blood cell differential and absolute reticulocyte count. Morphological evaluations of blood cell populations were made through the observation of a peripheral blood smear. Table 2 . Nutritional values of diet consumed by dogs before the trial for at least 6 months.
DIET B Ingredients
Extruded corn, meat, lard, puffed rice, corn gluten meal, whole vitamin and mineral, antioxidant BHT, BHA.
Guaranteed analysis
Crude protein 28%, crude fiber 4%, moisture 7%, crude fat 22%, crude ash 6%, Ca 1.4% P 1% d-ROMs and BAP plasma concentrations were determined by a spectrophotometric methods (Slim, SEAC, Florence, Italy). In the d-ROMs test (Diacron International, Grosseto, Italy), the reactive oxygen metabolites (hydroperoxides primarily) of a biological sample, in the presence of iron released from plasma proteins by an acidic buffer, are able to generate alkoxyl and peroxyl radicals according to the Fenton's reaction. Such radicals, in turn, are able to oxidize an alkyl-substituted aromatic amine (N,N-dietylparaphenylendiamine), thus producing a pink-coloured derivative which is photometrically quantified at 505 nm. The d-ROMs concentration runs directly parallel with colour intensity and is expressed as Carratelli Units (1 CARR U = 0.08 mg hydrogen peroxide/ dL). In the BAP test (Diacron International, Grosseto, Italy), the addition of a plasma sample to a coloured solution (thiocyanate) that is obtained by mixing a ferric chloride solution with a thiocyanate derivative solution, causes a colour change. The intensity of the decolouration is measured photometrically at 505 nm and is proportional to the ability of plasma to reduce ferric ions. The results are expressed as moli/L. The normal reference range in dogs is 56.4 -91.4 U.CARR and 1440 -3260 moli/L for d-ROMs and BAP, respectively [14] .
Additives(/Kg)
-tocopherol and retinol serum concentrations were analysed by HPLC and UV detection using a commercial test kit (Chromsystems Instrument and Chemical Ltd., Munchen, Germany). The HPLC system consisted of a Series 200 Perkin Elmer gradient Pump (Norwalk, CT, USA) coupled to a Series 200 Perkin Elmer variable UV detector (Norwalk, CT, USA), which was set at 325 nm and 295 nm. HPLC was coupled to a personal computer by using an interface SERIES 600 Perkin Elmer (Norwalk, CT, USA). Integration of peaks was performed through Turbochrome Navigator software (Perkin Elmer, Norwalk, CT, USA). The results were expressed as g/mL.
Fibrinogen was determined by coagulometric method (Clot2, SEAC, Calenzano, Italy). The quantitative determination of fibrinogen is based on the addition of a relatively large amount of thrombin to diluted citrate plasma, so that the clotting time depends only on the fibrinogen contained in the sample. The assay procedure consists of placing 200 L of 1:10-diluted plasma in a test tube preheated to 37˚C, followed by incubation for 2 minutes at 37˚C, and then adding 200 L of the fibrinogen reagent (preheated to 37˚C). Upon the addition of the fibrinogen reagent, the stopwatch was started, and the clotting time was measured. For this assay, the results in seconds must be converted into mg/dL using a conversion table supplied with the kit.
CRP was assessed by immunoturbidimetric test (Beckman Coulter s.r.l., Milan, Italy). CRP is an acute phase protein synthesized by the liver in response to the release of inflammatory cytokines such as interleukin-6. The concentration of CRP increases significantly as a result of acute or chronic inflammation observed in the case of bacterial infections (the most powerful stimulus for the CRP production), an autoimmune disease or immune complex, tissue necrosis and malignant tumors, myocardial infarction and trauma. The increase is recorded by 24 to 48 hours and the level can be 2000 times higher than the normal value. In many cases, the changes in plasmatic CRP level are preceding the clinical symptoms. When a sample is mixed with the buffer solution and antiserum solution, the CRP reacts specifically with anti-CRP giving rise to insoluble aggregates. The absorbance of these aggregates is proportional to the concentration of CRP in the sample.
Statistical Analysis
The data were examined for normality on the basis of Kurtosis and Skewness coefficients. t Student test was applied to evidence differences in the investigated parameters, between before and after the trial; Pearson multiple correlation test was applied to measure the strength of the linear relationship between the variables. Results were considered significant at a value of p < 0.05. Statistical analysis was performed by use of commercial statistical software (STATGRAPHICS Plus ® , Centurion).
Results
All the data were normally distributed, except CRP to which has been applied the transformation log10. Table  3 contains data before and after the administration of diet A. At the beginning of the period, 83% of dogs showed a BCS greater than 3 while 17% was attributed a BCS slightly less than 3. At the end of the trial, all of the subjects reached the ideal weight (p < 0.01). All haematological parameters were found to be within the reference range in both controls; in Table 3 have been reported those which showed a significant variation to vary the diet (HCT and PLT). High significant differences have emerged for d-ROMs, Retinol and PLT; significant differences for BCS, BAP and HCT; no differences fortocopherol, fibrinogen and CRP. Table 4 report Pearson coefficient values emerged by multiple analysis. A weak negative correlation has emerged between BAP vs d-ROMs and CRP vs HCT; a weak positive correlation between number of lymphocytes vs Retinol; a moderate negative correlation between BCS vs BAP, BAP vs -tocopherol, retinol vs -tocopherol and HCT vs BAP; a moderate positive correlation between BCS vs -tocopherol, BAP vs Retinol and BAP vs number of lymphocytes.
Discussion
Evidence of obesity-induced oxidative stress in humans has emerged in the past several years, and similar evidence has been demonstrated in pets more recently [10, 11] . In this study, subjects who were moderate overweight were also in a state of oxidative stress documented by the increase in ROS and the reduction of BAP; at the end of the trial, the recovery of the right weight and of the oxidative balance was detected. In particular, the values of BCS and d-ROMs significantly decreased after the second period of study while BAP and retinol increased. Also HCT and PLT values decreased in this period, even if they always are within referral ranges; in this respect, may be interesting to remember as the number of platelets tends to increase in the course of inflamematory disease. No variations were in fibrinogen and CRP concentrations; these results seem in contrast with the inflammatory condition observed in overweight men [8, 9] . But they are according to a recent study by Tvarijonaviciute et al. (2012) in which CRP values didn't vary to body weight changes in dogs affected by metabolic syndrome. An alteration of the oxidative status could precede the onset of inflammation which becomes manifest only at a later stage of obesity both in terms of time and gravity [15] .
A mild correlation between weight changes and plasma oxidative parameters alteration was observed; even in the canine species, mechanisms similar to those already documented in humans, in which the alteration between production and removal of radical species occurs in obese subjects, but also in "pre-obesity" condition and in asymptomatic subjects, can be assumed [1, 4, 16, 17] . A positive correlation between number of lymphocytes and BAP or -tocopherol is fully consistent with the importance of antioxidants on immunological functions. In that study, senior dogs benefited from added vitamin E and beta-carotene at raised levels in the diet by improving immune function (higher T-cells proliferation) and lowering markers of inflammation (cytokine profile) and oxidative stress (glutathione) [18] .
An adequate diet seems to be crucial both for the maintenance of ideal weight and a good oxidative balance. It was possible to normalize the body weight of the study subjects with a maintenance diet but with certain characteristics such as the protein source, mainly based on fish and therefore rich in omega 3 fatty acids and the presence of FOS, L-carnitin, vitamins and natural antioxidants. Omega-6 polyunsaturated fatty acids (n-6 PUFA) and omega-3 (n-3 PUFA) are precursors to potent lipid mediator signalling molecules, which have important roles in the regulation of inflammation. In general, eicosanoids derived from n-6 PUFA are proinflammatory while eicosanoids derived from n-3 PUFA are anti-inflammatory. By increasing the ratio of (n-3):(n-6) PUFA in diet, reductions may be achieved in the incidence of chronic inflammatory diseases [19] . A short-chain fructooligosaccharide (FOS) supplementation may modulate [20] . L-carnitine improves nitrogenous retention and modifies the body composition in favor of lean body mass [21] . Vitamins, A and E in particular, are the most important exogenous antioxidants that act both as preventive antioxidants that as chain-breakers [22] . Finally, many vegetal flavonoids have antiradical and antinflammatory properties [23, 34] . The results above discussed can be considered a starting point for further studies aimed at assessing the role of oxidative stress in overweight dogs and the dietary intervention with a particular emphasis on the antioxidant addition.
